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&XUUHQWO\$O6L0JFORVHO\UHODWHGWRWKHDOXPLQXPFDVWLQJJUDGH$LVWKHPRVWSRSXODUDOOR\IRUVHOHFWLYH
ODVHUPHOWLQJ6/0'XUELQQRWHVWKDWWKHDOXPLQXPVLOLFRQV\VWHPH[KLELWVKLJKIOXLGLW\DQGORZVKULQNDJH
OHDGLQJ WR LWV XVH LQ FDVWLQJ EUD]LQJ DQG ZHOGLQJ DSSOLFDWLRQV :KHQ SUHVHQW LQ VLJQLILFDQW TXDQWLWLHV DV LQ
$O6L0J VLOLFRQ GHFUHDVHV WKH PHOWLQJ UDQJH RI WKH RI WKH DOOR\ DQG LQFUHDVHV KRW WHDULQJ UHVLVWDQFH ZLWKRXW
LQWURGXFLQJ EULWWOHQHVV DV GLVFXVVHG E\'DYLV HW DO  %\ GHFUHDVLQJ WKHPHOW UDQJH GHQGULWLF FRROLQJ DQG
VKULQNDJH LQ WKHPXVK\ ]RQH LV UHGXFHG SULRU WR IXOO VROLGLILFDWLRQ OHDGLQJ WR GHFUHDVHGYRLG JHQHUDWLRQ DQGKRW
WHDULQJ
+RZHYHUXQOLNH$O6L0J$$EHORQJVWRWKHZURXJKWFODVVRIDOXPLQXPDOOR\V/RZVLOLFRQFRQWHQWDQG
ODUJH VKULQNDJH LQKLELWPDQ\ RI WKH DGYDQWDJHRXV SURSHUWLHV DVVRFLDWHGZLWK WKH DOXPLQXP VLOLFRQ FDVWLQJ VHULHV
'DWDSURYLGHGE\$60$ODQG$OVKRZWKDWK\SRHXWHFWLF$$SRVVHVVHVDIUHH]LQJUDQJHRI
DSSUR[LPDWHO\ . YHUVHV  . IRU $ UHVXOWLQJ LQ LQFUHDVHG KRW WHDULQJ HVSHFLDOO\ GXULQJ WKH KLJKO\ QRQ
HTXLOLEULXP SURFHVVHV REVHUYHG GXULQJ 6/0 )XUWKHUPRUH WKH UDSLG IRUPDWLRQ RI DQ R[LGH OD\HU KLJK VROXELOLW\
OLPLW RI K\GURJHQ DQG KLJK WKHUPDO FRQGXFWLYLW\ DQG WKHUPDO H[SDQVLRQ FRHIILFLHQW RI DOXPLQXP SUHVHQW VHYHUDO
WHFKQLFDO FKDOOHQJHV ZKHQ SURFHVVLQJ WKHVH DOOR\V 7KXV PXFK RI WKH UHVHDUFK LQWR SURFHVVLQJ RIIHXWHFWLF
DOXPLQXP DOOR\V DQG LQ SDUWLFXODU $$ KDV VKRZQ XQDFFHSWDEOH OHYHOV RI FUDFNLQJ KLJKO\ DQLVRWURSLF
PLFURVWUXFWXUHVDQGSRURVLW\DVGLVFXVVHGE\%HQMDPLQHWDODQG/RXYLVHWDO$VVWDWHGE\%RXUHOO
HWDOLQWKH³5RDGPDSIRU$GGLWLYH0DQXIDFWXULQJ´WKHSULPDU\FKDOOHQJHIRUDGGLWLYHPDQXIDFWXULQJZLWK
UHJDUGV WRPDWHULDOV LVGHYHORSLQJFRQVLVWHQWTXDOLW\SDUWV LQDZLGHUYDULHW\RIPDWHULDOV7KHUHIRUH LW LVRIJUHDW
UHVHDUFK DQG LQGXVWULDO LQWHUHVW WR GHWHUPLQH QRYHO DSSURDFKHV WR SURFHVVLQJ RIIHXWHFWLF DOOR\V QRW VXLWDEOH WR
WUDGLWLRQDO$0DSSURDFKHV




in situ DOOR\LQJRIQHDUHXWHFWLF$O6LDVDPHWKRG WR UHGXFH UHVLGXDO VWUHVV LQDQFKRUOHVV6/0E\XWLOL]LQJ WKH
PHOWLQJSRLQWGHSUHVVLRQRIHXWHFWLFDOOR\VWRIRUPD³VXSHUFRROLQJ´OLNHEHKDYLRU,QVSLWHRIWKLVUHVHDUFKKDVQRW
EHHQ GRQH IRFXVLQJ RQ XWLOL]LQJ HOHPHQWDO PL[WXUHV WR HDVH WKH SURFHVVLQJ RI GLIILFXOWWR$0SURFHVV PDWHULDOV












FRROLQJ UDWHV VDVVRFLDWHGZLWK 6/0 GR QRW DOOR\ IRU FRPSOHWH DOOR\LQJPLQLPL]LQJ WKH LPSDFW RI FRSSHU 7KXV
VLOLFRQZDVSUHGLFWHGWRKDYHWKHKLJKHVWLPSDFWRQVROLGLILFDWLRQFUDFNLQJDQGVHOHFWHGDVWKHILUVWDOOR\LQJHOHPHQW
IRUVWXG\'XHWRWKHUHODWLYHO\KLJKPHOWLQJSRLQWRIVLOLFRQFRPSDUHGWRDOXPLQXPORZEXLOGFKDPEHUWHPSHUDWXUH
DQG WKHVKRUW WKHUPDOF\FOHGXULQJ WKH ODVHUVFDQ WKHVLOLFRQLVEHOLHYHG WR UHPDLQ LQ WKHVROLGVWDWHZLWKRXW ORQJ
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7R EHWWHU XQGHUVWDQG FRQGLWLRQV WKDW UHVXOW LQ VROLGLILFDWLRQ FUDFNV DQG WR GHWHUPLQH WKH HIIHFW RI SURFHVVLQJ
SDUDPHWHUVRQFUDFNIRUPDWLRQDQLQLWLDOEXLOGZDVFRQGXFWHGXWLOL]LQJSUHDOOR\HG$$6XEVHTXHQWO\GXULQJ
WKH ILUVW EXLOG VWDJH XWLOL]LQJ DQ HOHPHQWDO PL[WXUH GLVVROXWLRQ RI WKH VLOLFRQ LQWR WKH DOXPLQXP PDWUL[ ZDV RI
SULPDU\ FRQFHUQ 7R DVVHVV WKH IHDVLELOLW\ RI WKLV DSSURDFK D SRZGHU PL[WXUH ZDV SUHSDUHG ZLWK  VLOLFRQ
SRZGHU DQG  DOXPLQXPSRZGHU ,WZDV SURFHVVHG XVLQJ 6/0 DQG WKHQ SRVWSURFHVVHG WR GLVVRFLDWH WKH 6L
SKDVH
2.1. Feedstock powders 
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DQGFRPSDULVRQIHHGVWRFNVZHUHDQDO\]HGXVLQJD0LFUR7UDF6ZLWKDYROXPHWULFPHDQSDUWLFOHVL]HRI
ȝP DQG D VWDQGDUG GHYLDWLRQ RI  ȝP 6KHDU FHOO DQDO\VLV XVLQJ D )7 3RZGHU 5KRPHWHU LQGLFDWHG JRRG
FRPSDULVRQWRFRPPHUFLDOO\DYDLODEOHDGGLWLYHPDQXIDFWXULQJSRZGHUVDVVKRZQLQ)LJXUH














LQFUHDVHGPHOWLQJ WHPSHUDWXUHRI WKHSXUHDOXPLQXP&DVFRPSDUHG WR WKHPHOWLQJ WHPSHUDWXUHRI$$
& UHVXOWLQJ LQ DQ LQFUHDVH RI WKH DYHUDJH HQHUJ\ LQSXW E\  FRPSDUHG WR WKH $$ UHVXOWV
$GGLWLRQDOVDPSOHVZHUHFUHDWHGXWLOL]LQJH[SDQGHGSDUDPHWHUVEDVHGRQWKHRSWLPDO$$UHVXOWV
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FRPSOHWH GLVVROXWLRQ VDPSOHV ZHUH KHDW WUHDWHG LQ D IXUQDFH DW & IRU DSSUR[LPDWHO\  KRXU 7R UHGXFH







HDFKVDPSOHZDV LPDJHGXVLQJD1LNRQ(FOLSVH0(RSWLFDOPLFURVFRSHZLWKEULJKWDQGGDUN ILHOG LPDJLQJ WR
LQYHVWLJDWHWKHSUHVHQFHRIFUDFNVDQGLQWHUQDOSRURVLW\6(0LPDJLQJZDVDOVRSHUIRUPHGRQFHUWDLQFURVVVHFWLRQHG
VDPSOHV WR GHWHUPLQH ORFDWLRQV RI VLOLFRQ SDUWLFOHV DQG DQ\ DGGLWLRQDO SRURVLW\ QRW VHHQ GXULQJ RSWLFDO DQDO\VLV




3.1. Aluminum 6061 pre-alloyed feedstock 
6/0VDPSOHVRISUHDOOR\HG$$ZLWKRXWSRVWSURFHVVLQJVKRZHGHYLGHQFHRIVHYHUHFUDFNLQJWKURXJKRXW
6FDQVSDFLQJZDVVHHQ WRKDYH OLWWOHHIIHFWRQ ILQDOSURSHUWLHVKRZHYHUDVH[SHFWHG ODVHUSRZHUDQGVFDQVSHHG
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$V WKH VROLG SDUW KHLJKW LQFUHDVHV WKH FDSDFLW\ RI WKH XQGHUO\LQJ PDWHULDO WR H[WUDFW KHDW IURP WKH PHOW SRRO
LQFUHDVHVUHVXOWLQJLQVWHHSHUWKHUPDOJUDGLHQWVDQGODUJHUWKHUPDOVWUHVVHV
$Q XQH[SHFWHG ILQGLQJ ZDV GDUN SRROV REVHUYHG RQ VSHFLPHQ VXUIDFHV VKRZQ LQ )LJ  E ('6 DQDO\VLV
LQGLFDWHG WKDW WKHSRROVZHUHDVVRFLDWHGZLWKDQ LQFUHDVH LQPDJQHVLXPFDUERQDQGR[\JHQFRQWHQW7KLV LVDOVR
VXJJHVWHGE\WKHGDUNVKDGLQJVKRZQLQWKHVHFRQGDU\HOHFWURQLPDJHVZKLFKDOZD\VKDYHDEDFNVFDWWHUHOHFWURQ
FRPSRQHQW ZKHUH ORZHU DWRPLF QXPEHU HOHPHQWV 0J VKRZ XS DV GDUN UHJLRQV FRPSDUHG WR WKH QHLJKERULQJ






3.2. Aluminum-silicon elemental mixture 
$VH[SHFWHGWKHDVSURFHVVHGEOHQGHG$O6LVSHFLPHQVYDULHGJUHDWO\LQERWKVXUIDFHILQLVKDQGIXVLRQGHIHFWV
:KLOHEHVWVXUIDFHILQLVKZDVSUHVHQWDWKLJKODVHUSRZHUDQGVORZVFDQVSHHGV6(0LPDJLQJVKRZHGWKHSUHVHQFH
RI GHIHFWV HVSHFLDOO\ QHDU WKH VDPSOH QXPEHU HPERVVHG RQ WKH VXUIDFH 7KHUHIRUH PRGHUDWH ODVHU SRZHU DQG
PHGLXP WR KLJK VFDQ VSHHG VLPLODU WR WKDW REWDLQHG IRU WKH EHVW $$ VSHFLPHQV GHPRQVWUDWHG RSWLPDO
SURSHUWLHV UHVXOWLQJ LQ WZR RI WKH VDPSOHV KDYLQJ UHODWLYHO\ ORZ VXUIDFH GHIHFW GHQVLW\ DW WKH FRVW RI D VOLJKWO\
URXJKHUVXUIDFHILQLVKDVVKRZQLQ)LJD
2SWLFDODQDO\VLVRIWKHVDPSOHVUHYHDOHGDZLGHUDQJHRISRURVLW\DVVKRZQLQ)LJEDQG)LJF0DQ\VDPSOHV






QHDUO\FRQJUXHQWPHOWLQJ UHVXOWLQJ LQD IUHH]LQJSRLQW LQVWHDGRID IUHH]LQJ]RQH 7KHUHIRUH WKHUPDO VWUHVVHVDUH
PLQLPL]HGDQGKRWWHDULQJLVDYRLGHG7KLVLVHYLGHQFHGE\WKHODFNRIVROLGLILFDWLRQFUDFNLQJVHHQLQWKHVDPSOHV
SURGXFHGIURPWKHHOHPHQWDOPL[WXUH7KHPRUSKRORJ\RIWKHGHIHFWVWKDWGLGDSSHDUVXJJHVWHGWKDWWKHFUHDWLRQRI
WKH GHIHFWZDV GXH WR LQDGHTXDWH IXVLRQ RI WKH SRZGHUZKLFK UHVXOWHG LQ FUDFNV WKDW IROORZHG WKH RXWOLQH RI WKH
























,W LV K\SRWKHVL]HG WKDW WKH VLOLFRQ UHPDLQV LQ WKH VROLG VWDWH WKURXJKRXW WKH 6/0SURFHVVLQJ RI WKH HOHPHQWDO










$IWHUKHDW WUHDWPHQW WKHUHZDVDVLJQLILFDQWGHUHDVH LQ WKHREVHUYHGQXPEHURIVLOLFRQSDUWLFOHV WKURXJKRXW WKH
DOXPLQXPPDWUL[DVVKRZQLQ)LJ+RZHYHUWKHUHUHPDLQHGDIHZVPDOOSDUWLFOHVLQVHYHUDOLPDJHV,WLVWKRXJKW
WKDW WKHVH SDUWLFOHV UHSUHVHQWHG WKH XSSHU UDQJH RI WKH SDUWLFOH VL]H GLVWULEXWLRQ RI WKH VLOLFRQ SDUWLFOHV 7KHVH
SDUWLFOHV UHGXFHG LQ VL]H GXULQJ WKH SRVWSURFHVVLQJ VROXWLRQL]LQJ DQQHDO EXW GLG QRW FRPSOHWHO\ GLVVROYH GXH WR
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&RQFOXVLRQ
(OHPHQWDO PL[WXUHV VKRZ SURPLVH LQ HOLPLQDWLQJ VROLGLILFDWLRQ FUDFNLQJ LQ RIIHXWHFWLF DOOR\V $Q DOXPLQXP
VLOLFRQPL[WXUHZDVSURFHVVHGDQGVKRZQWRIRUPDQDOOR\DIWHUKHDWWUHDWPHQW2SWLPDOSURFHVVLQJFRQGLWLRQVZHUH






















*X''0HLQHUV::LVVHQEDFK. 3RSUDZH5  /DVHU DGGLWLYHPDQXIDFWXULQJ RIPHWDOOLF FRPSRQHQWVPDWHULDOV SURFHVVHV DQG
PHFKDQLVPV,QW0DWHU5HY±
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6FKZHQGQHU.,%DQHUMHH5&ROOLQV3&%ULFH&$)UDVHU+/'LUHFWODVHUGHSRVLWLRQRIDOOR\VIURPHOHPHQWDOSRZGHUEOHQGV
6FU0DWHU±
9RUD30XPWD].7RGG,+RSNLQVRQ1$O6L,Q6LWX$OOR\)RUPDWLRQDQG5HVLGXDO6WUHVV5HGXFWLRQXVLQJ$QFKRUOHVV6HOHFWLYH
/DVHU0HOWLQJ$GGLW0DQXI±

